Our in vitro study suggested that poly[2-methacryloyloxyethyl phosphorylcholine (MPC)-co-n -butyl methacrylate (BMA)] (PMB) coating was useful for preventing the adhesion of Candida albicans to poly(methyl methacrylate) (PMMA) surfaces. Thus, PMB coating may prevent opportunistic infections in elderly and immunologically compromised individuals using dentures.
Introduction
Denture plaque comprises both food debris and microbial clumping. 1, 2 Candida albicans (C. albicance ) is part of the normal microbial flora in the mouth and is a commonly identified fungus in denture plaque, since it accumulates and colonizes well on poly(methyl methacrylate) (PMMA) surfaces. 3 C. albican s is often associated with denture stomatitis and may cause opportunistic infections and pneumonia in elderly and immunologically compromised individuals. 4, 5 Because denture plaque, once it forms on the denture surface, cannot be effectively removed using brushes or cleaners, preventing C. albicans colonization on denture surfaces is an important issue for both patients and dentists. The accumulation of denture plaque on obturator prostheses for patients with maxillary defects is particularly serious, since these prostheses are much larger and more complicated in shape than conventional dentures and are directly exposed to secretions from the area of the maxillary defect.
2-Methacryloyloxyethyl phosphorylcholine (MPC) polymer, which has the same structure as the polar group of phosphatidylcholine found in biomembranes, was first synthesized by Nakabayashi et al. in 1978, who assumed that it would resist protein adsorption and thrombus formation. 6 MPC copolymer can be readily coated onto the surfaces of various materials and is currently applied to the surfaces of numerous medical devices, including vascular grafts, stents, and contact lenses. 7 Because the cell walls of C . albicans are composed of mannoprotein complexes, 8 MPC copolymer coatings on denture surfaces are expected to reduce C. albicans colonization. 6 In the present study, the durability of MPC copolymer coatings on PMMA surfaces and the effect of MPC copolymer coatings on the adhesion of C. albicans to these surfaces were examined in vitro .
Materials and methods

Preparation of MPC copolymer solution and PMMA disks
Poly[MPC-co-n -butyl methacrylate (BMA)] (an MPC copolymer abbreviated as PMB; see Fig. 1 ), formed from a polymer of MPC and BMA, was prepared according to our previously described method. [9] [10] [11] Water-insoluble PMB composed of 30 mol% MPC units (polymer) (PMB30) and watersoluble PMB composed of 80 mol% MPC units (polymer) (PMB80) were prepared. Ethanol was used as the solvent for the PMB30 and distilled water was used as the solvent for the PMB80. Each concentration of PMB30 and PMB80 in solution was adjusted to 0.5 wt% for use as the coating material in vitro .
Clear PMMA disks 14 mm in diameter and 0.5 mm in thickness (Nitto Jushi Kogyo, Japan) were prepared. All PMMA disks were washed with 70 % ethanol for 30 minutes and then were completely dried at room temperature.
Durability of PMB coating
Forty PMMA disks were individually weighed using an analytical balance (AE 240-S; Mettler Toledo GmbH, Switzerland). The disks were dipped in PMB30 solution for 3 seconds and lifted up and down ten times using sterilized tweezers; the disks were then dried under clean conditions for 30 minutes at room temperature. This coating procedure was repeated twice, and all the disks were dried under clean conditions for 24 hours at room temperature. The disks were then dried in vacuo for 3 hours to completely remove any remaining solvent. The 40 coated PMMA disks were individually reweighed, and the weight of the PMB30 coating on each disk was calculated. Each coated disk was then immersed in 2 ml of distilled water at room temperature. The disks were divided equally into four groups, and the weight of the eluted PMB30 in each group was measured by phosphorus analysis 1, 6, 24 or 48 hours after immersion. [12] [13] [14] The ratio of eluted PMB30 was recorded as the weight of the eluted PMB30 divided by the weight of the PMB30 coating. The mean value and the standard deviation of the ratio in each group was also calculated.
PMB80-coated disks were prepared and examined using the same procedures as those used for the PMB30-coated disks.
Evaluation of C. albicans adhesion to
PMB-coated surfaces C. albicans (TMDMV100) from stock cultures maintained in the Molecular Virology, Bio-Response, Department of Tokyo Medical and Dental University was used in the present study. C. albicans was cultured in a medium (1 % Bacto peptone, 0.5 % yeast extract, 0.5 % NaCl, and 0.1 % D-glucose) and incubated (SLI-400; Eyela, Japan) at 37 °C for 24 hours; phosphate-buffered solution (PBS) (-) was then added. The cultures were washed twice by centrifugation (RL-101; Tomy, Japan) at 3000 rpm for 15 minutes and were suspended at a final concentration of 2.0 × 10 6 CFU/ml, as determined using a spectrophotometer (DU-640; Beckman Coulter, USA) at 600 nm.
Suspensions of C. albicans were serially diluted 10 times and were cultured on agar plates (Candida-GE ® , Nissui, Japan) at 37° C for 48 hours. Their CFUs were then counted.
Sixty PMB30-coated PMMA disks prepared using the method described above were immersed in PBS (-)(150 mM; pH 7.4) for 2 hours at room
MPC BMA MPC: 2-methacryloyloxyethyl phosphorylcholine BMA: n-butyl methacrylate well. The entire plate was then cultured at 37°C for 48 hours. Next, the disks were gently rinsed with distilled water to remove any unbound fungi from the surfaces of the disks. Thirty of the 60 PMB30-coated disks were gram-stained after drying and fixation. The remaining thirty disks were washed with distilled water in a washing bottle rotated 30 times within 10 seconds to examine the effect of washing. These disks were also gram-stained after drying and fixation. The surface of each disk was observed at a magnification of ×200 under a light microscope (BX50;
Olympus, Japan); areas with substantial C. albicans adhesion were selected and photographed using a digital camera (Coolpix900; Nikon, Japan). Digital photographs of each PMMA disk were also taken in ten adjacent areas. The digital photographs were then transferred to a desktop computer (VAIO LX; Sony, Japan) and converted to a binary format (monochrome images) to distinguish C. albicans -positive and C. albicansnegative areas using imaging analysis software (Scion Image ® ; Scion, USA). An example of the resulting image is shown in Fig. 2 . The ratio of the area containing C. albicans adhesion to the area in each photograph was measured using the imaging software. The mean value and standard deviation of this ratio was calculated for 10 photographs.
A similar analysis was performed for the PMB80-coated disks. Sixty uncoated PMMA disks were used as a control group.
Statistics
All numerical data were analyzed using a oneway analysis of variance (ANOVA) and the Scheffé test (P .05) using a statistical package (StatView v5.0; SAS, Cary, NC, USA).
Results
Durability of PMB coating
The mean value and standard deviation of the amount of PMB that eluted from the PMB30-coated or the PMB80-coated disks into the distilled water are shown in Fig. 3 . After 1 hour, about 5 % of the PMB30 coating and about 12 % of the PMB80 coating had been eluted into the distilled water. After 48 hours, these figures were about 14 % for PMB30 and about 12 % for PMB80. No significant differences between any of the pairs were seen. ferences were observed between the uncoated and unwashed PMMA disks and each of the other groups. Significant differences were also seen between the uncoated, washed PMMA disks and both groups of coated, washed PMMA disks.
Evaluation of C. albicans adhesion on PMB-coated surfaces
Discussion
Durability of PMB coating PMB is thought to anchor firmly to PMMA surfaces via the hydrophobic affinity between its hydrophobic unit, BMA, and PMMA. 15 However, about 13 % of the PMB was eluted into distilled water within 48 hours. The 20-fold outer layers of PMB are likely eluted into the aqueous solution when the hydrophilic unit of PMB, MPC, is on the surface and the hydrophobic unit (BMA) is hidden inside the PMB layers; in other words, PMB is eluted when the hydrophobic unit is located at a distance from the surface of PMB and the hydrophobic affinity between the outer layers of PMB and the PMMA surface is relatively low.
We assumed that the PMB coating was stable after the elution of the outer layers, since no significant difference was seen in the amount of eluted PMB after 1 hour and onwards in the present study. In fact, a polymer synthesized using MPC and n -dodecyl methacrylate and structurally similar to PMB is applied as a permanent coating on coronary stents. 2 ) over a period of 48 hours. Luthra reported that the average maxillary denture foundation area was 39.61 cm 2, 17 If the entire denture surface were to be coated with PMB80, about 0.50 mg of PMB80 would likely be eluted from the denture surface over a period of 48 hours. This value is much lower than the LD 50 .
Data on the safety of PMB30 is not presently available, and the safety of this polymer needs to be investigated. Minagi et al. reported that hydrophobic interactions play an important role in the initial attachment of fungi to resin surfaces. 15, 18, 19 PMB-coated PMMA surfaces, on the other hand, exhibit hydrophilic properties in aqueous solution. Thus, the hydrophilic properties of PMB polymers may contribute to the reduction of C. albicans adhesion.
Evaluation of C. albicans adhesion on
PMB-coated surfaces
When PMB is soaked in an aqueous solution, the MPC part of the PMB absorbs water and becomes a hydrogel. The hydrated MPC contains a large amount of free water but does not contain bound water, which would cause protein adsorption. [20] [21] [22] This fact may also explain why C. albicans tends not to adhere to PMB-coated PMMA surfaces.
Effect of eluted PMB and washing on the reduction of C. albicans adhesion
Because PMB was eluted for up to one hour in the present study, C. albicans that has adhered to the PMB may be abraded along with the outer PMB layers. Since little PMB elution occurs after one hour, however, abrasion probably does not contribute significantly to the reduction in C. albicans adhesion.
Two factors are thought to be involved in the reduction of C. albicans adhesion after washing: physical separation of C. albicans from the PMB coating and the abrasion of C. albicans along with the outer PMB layers. Although the washing procedure used in this study was relatively mild, a significant reduction in C. albicans adhesion was observed. If the disks had been strongly washed, the outer PMB layers might have been abraded, and the PMB coat would have been damaged. The effect of washing conditions on the PMB coating will be examined future studies.
In conclusion, the present study suggests that PMB coating may be useful for preventing the adhesion of C. albicans to PMMA surfaces.
